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C4 (57) Abstract: The invention provides methods and compositions for ajpoptosis of pathogenic ceUs. The general niethod comprises 
O the of contdcting,die cells with an effective amount of an AV jpeptoid; wherein thejAV pq^id is a peptide comprising AXi, wherein ' 

^^^^'^^'^^^'^^ peptide mimetic thereof, which inti^racte v^th an Inhihitorof A 
. procaspaserji activation or prpmotipn of apoptosis, wherein apoptosis of the pathogenic cells is enhanced; The subject compositidns 
' encompass'pharmaceutica] compositions comprising a therapeutically effective amount of a subject AV peptoid in dosage form and 
a pharaiaceutically acceptable carria*, wherein the AV peptoid is a peptide comprising AXi, wherein Xi is V, I or L, or a peptide 
mimetic thereof, which inhibits the activity of an Inhibitor of Apoptosis protein (lAP) as measured by lAP binding, procaspase-3 
Q activation or promotion of apoptosis. The invention also provides assays for identifying agents which modulates the inteiaction of 
^ an AV peptoid with an lAP, active compounds identified in such screens and their use in the foregoing compositioiis and therapeutic 
^ methods. 
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Apoptotic Compounds 

Inventors: Xiaodong Wang and Chunying Du 

Assignee: Board of Regents, The University of Texas System 

INTRODUCTION 

Field of the Invention 

The field of the invention is promoting cell death. 

Background 

Apoptosis plays a central role in the development and homeostasis of all multi- 
cellular organismsl-4. Abnormal inhibition of apoptosis is a haUmark of cancer and 
autoimmune diseases, whereas excessive activation of cell death is implicated in neuro- 
degenerative disorders such as Alzheimer's disease^, 6. in fact, one mode of action of 
chemothempeutic drugs is via the activation of apoptosis; understanding how the cell death 
program is engaged following an insult, and hence why it fails to be engaged m certain 
setting, offers a novel ^roach to overcoming the clmical problem of drug resistance; see, 
e.g. Makin et al., Cell Tissue Res 2000 Jul;301(l): 143-52 ("Apoptosis and cancer 
chemotherapy^. 

The mechanism of apoptosis is conserved across species and executed with a cascade 
of sequential activation of initiator and effector caspases^. 8. Caspases, a family of cysteme 
proteases witii aspartate substrate specificity, are produced in cells as calalytically inactive 
zymogens^. Once activated, the effector caspases are responsible for proteolytic cleavage of 
a broad spectrum of cellular targets that ultimately lead to cell death. 

The Inhibitor of Apoptosis (lAP) family of proteins suppress apoptosis by preventing 
the activation of procaspases and inhibiting the enzymatic activity of mature caspases^* 10, 
Several distinct mammalian lAPs including XL^P, CrIAPl,i>IAP2,;and sinrvivin,^? b^^. in^ 

^ identified, and they all exMbit anti-apoptbtic^iv^ 

^^ami^^ptotic^^tivity 0 
act upstream oflAPs and physically interact with: lAPs to rd^^ effect on; ' / ^ 

S^caspase: activation! Ir.!?. . J 

One major.caspase activatioii cascade-is ti^^^ by die release of cytbchirome p 

1 
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fiointhemtennembranespaceofmitochoiidriai3-19 Concurrent with cytochrome c 
release, another regulator of apoptosis, Smac20 (Second mitochondria-derived activator of 
caspases) or DIABL021, jg also released fiom the mitochondria mto the cytosol. Smac 
eliminates the mhibitory effect of multiple lAPs and interacts with all lAPs that have been 
examined, including XIAP, c-IAPl, C-IAP2, and surviA-in20. 21 . 

Smac is synthesized as a precursor molecule of 239 amino acids; flie N-terminal 55 
residues serve as the mitochondria targeting sequence that is removed after import20. jhe 
mature form of Smac contains 184 amino acids and behaves as an oligomer in solutioi^O. 
We recently found that the 2.2 A resolution crystal structure of the mature form of Smac 
reveals an arch-shaped homo-dimer with rich surface features (the atomic coordinates are 
bemg deposited with the Protein Data Bank with the accession number IFEW). The homo- 
dimeric mterface is dominated by hydrophobic residues flirough van der Waals interactions. 
Mutations of residues at die interfece disrupted duner formation and significantly 
weakened the ability of Smac to induce tiie activation of procaspase-3 and to promote the 
enzymatic activity of matare caspase-3. hi addition, similar to the Drosophila proteins 
Reaper, Grim, and Hid. the N-terminal amino acids of Smac/DIABLO were indispensable for 
its fimction; in fact, mutation of fte very first anuno acid rendered the resultmg protein 
completely inactive. The sequence homology among Re£^, Grim, and ffid is restricted to 
Aeu- N-terminal 14 amino acids; deletion of these residues led to loss of interaction wifli 
IAPs9 and a fusion protein comprising the N-terminal 37-residue peptide of Hid induced 
apoptosis in msect cells* 1 , Here we further disclose small peptides, and peptide mnnetics 
tiiat are sufficient to bind lAP, promote activation of procaspase-S and/or promote ^ptosis. 

SUMMARY OF THE INVENTION 
The invention provides methods and compositions for enhancuig apoptosis of 
pathogenic cells. The general method comprises the of contacting tiie cells wilh an effective 
amount of an AV peptoid, wherein the AV peptoid is a peptide comprising AX„ wherein 
is V, 1 or L. or a peptide mimetic thereMif;AA^ch interacts with-anrliihibitor of Apoptosis 
: ^tein 0AP) is measWedSy lAP bindings procaspase-3 activation oriprpmotion^^^^ i,.^.' ^^.i 
apoptosis. wherein apdptoisis of the pathogenic cells is enhanced. 

In some embodinientsj the ceUs ire m situ'itt an mdividuaa'aid^exont^ti^ 
effected by adniinisterihig to the individtial a pharmaceutical composition comprising a . ^ 
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therapeutically effective amount of the AV peptoid, wherein Ae individual may be subject to 
concurrent or antecedent radiation or chemother^y for treatment of a neoproliferative 
pathology. In other embodiments, the pathogenic cells are of a tumor selected fix>m the 
group consisting of breast cancer, prostate cancer, lung cancer, pancreatic cancer, gastric 
cancer, colon cancer, ovarian cancer, renal cancer, hepatoma, melanoma, lymphoma, and 
sarcoma. In yet other embodunents, the AV peptoid is a peptide comprising AX,X2, wherem 
X, is V, I or L and X2 is P or A; particularly, comprising AXjX2, wherein X, is V and Xj is P. 

The subject compositions encompass pharmaceutical compositions comprising a 
therapeutically effective amount of an AV peptoid in dosage form and a pharmaceutically 
acceptable carrier, wherein the AV peptoid is a peptide comprising AX„ wherein X, is V, I or 
L, or a peptide mhnetic diereof, which inhibits the activity of an Inhibitor of Apoptosis 
protein (lAP) as measured by lAP binding, procaspase-3 activation or promotion of 
apoptosis. 

In some embodiments, such compositions fijrther comprise an additional therapeutic 
agent, such as an anti-neoproliferative chemoAerapeutic agent, other than the AV peptoid. In 
other embodiments of such compositions, tiie AV peptoid is a peptide comprising AXjXj, 
wherein X, is V, I or L and X2 is P or A; particularly, comprising AXjXj, wherein X, is V 
andX^isP. 

The invention also provides assays for identifying agents vMch modulates the 
interaction of an AV peptoid with an lAP, active compounds identified in such screens and 
their use in the foregoing compositions and tiierapeutic methods. The general assay 
comprises the steps of incubating a mbcture comprising a subject AV peptoid, a second 
baculoviral lAP repeat domain (BIR2) of XIAP, and a candidate agent; under conditions 
whereby, but for the presence of said agent, the peptoid specifically interacts with the BIR2 
at a reference affinity; detecting a specific interaction of the peptoid with the BIR2 to 
determine an agent-biased affinity, wherem a difference between the agent-biased affinity 
.t iv y and the reference affinity indicates that the agent modulates<the intei^on ofthe peptoid to - : - ^ > : v/;^^ U m 1 ^ 

:^ ^ > \v " >:In soii^ e^ = vrv Vt/ 

. binding oftliapeptoid to the BIR2 by pulj-dow^ 

$ 3 and acaspase-3 substrate and the detecting inteiractipn , . . - v v^/ n / 
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inferentially by detecting a reaction product of flie caspase-3 substrate and caspase-3 
generated by activation of the procaspase-3. In yet ottier embodiments, the incubating step 
comprises incubating a cell comprising the mixture and the detecting step comprises 
measuring the interaction inferentially by detecting apoptosis of ttie cell, particularly wherein 
the cell is in situ in an animal host. 

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS OF THE INVENTION 

The followng descriptions of particular embodiments and examples are offered by 
way of illustration and not by way of lunitation. Unless contraindicated or noted otherwise, 
in these descriptions and throughout this specification, the terms "a'' and "an** mean one or 
more, the term "or" means and/or and polynucleotide sequences are understood to encompass 
opposite strands as well as alternative backbones described herein. 

An AV peptoid is a peptide comprising AX„ wherein X, is V, I or L, or a peptide 
mimetic thereof; which interacts with an Inhibitor of Apoptosis protein (lAP) as measured by 
lAP binding, procaspase-3 activation or promotion of apoptosis as described in the 
exemplified activity assays below. In a more particular embodiment, the peptide comprises 
AXjXj, wherein X, is V, I or L preferably V and Xj is P or A, preferably P. The subject AV 
peptoids are fewer than 20 residues (monomers), preferably fewer tiian 10, more preferably 
fewer than 5 and preferably 2 or 3 in length, with a molecular weight of less than about 
1,000, preferably less than about 500. 

AV peptoids include peptide mimetics of the subject peptides. A peptide mimetic is a 
non-naturally occurring analog of a peptide which, because of protective groups at one or 
both ends of the mimetic, or replacement of one or more peptide bonds witii non-peptide 
bonds, is less susceptible to proteolytic cleavage than the peptide itself For instance, one or 
more peptide bonds can be replaced with an alternative type of covalent bond (e.g., a 
carbon-carbon bond or an acyl bond). Peptide mimetics can also incorporate amino-terminal 
or carboxyl terminal blocking^groups such as t-butyloxycarbonyl,,acetyl, alkyl/succinyl,v , ^^-^ 
metiioxysiuxuwfc^s^ adipyl,^azel^;dansyl, tenzyloxycarboriyl^ . • - - ^ r v^: ^< ^ 

2,4,-dmitrophenyl, thereby rendering the inimetic less susceptible to proteolysis. Non-peptide 
. ^ toiuis ahd^^^^^ grpxq>sjcan^e used^singly^ 

to:render ir^^ less susceptible^ proteolysis thai the cort^spqn^ , • 
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Additionally, substitution of D-amino acids for the normal L-stereoisomer can be effected, 
e.g. to increase the half-life of the molecule. Accordingly, the peptide mimetics include 
peptides having one or more of the following modifications: 

peptides wherein one or more of the peptidyl [-C(0)NR-] linkages (bonds) have been 
replaced by a non-peptidyl linkage such as a -CHj -carbamate linkage [-CH2-OC(0)NR-]; a 
phosphonate linkage; a -CH.-sulfonamide [-CH2-S(0)2 NR-] linkage; a urea [-NHC(0)NH-] 
linkage; a -CH, -secondary amine Imkage; or an alkylated peptidyl Imkage [-C(0)NR^- 
where R* is lower alkyi]; 

peptides wherein the N-terminus is derivatized to a -NRR' group; to a -NRC(0)R 
group; to a -NRC(0)OR group; to a -NRS(0)2R group; to a .NHC(0)NHR group, where R 
and R* are hydrogen or lower alkyl with the proviso that R and R^ are not both hydrogen; to a 
succimmide group; to a benzyloxycarbonyl-NH-(CBZ-NH-) group; or to a 
ben^loxycarbonyl-NE- group having firom 1 to 3 substituents on the phenyl ring selected 
from the group consisting of lower alkyl, lower alkoxy, chloro, and bromo; or 

peptides \^ereui the C traminus is derivatized to -C(0)R^ where R^ is selected firom 
the gioiq) consisting of lower alko^qr, and -NR^R* where R^ and R^ are independently selected 
fiom the group consisting of hydrogen and lower alkyl. 

Preferred munetics have fix)m zero to all of the -C(0)NH- linkages of the peptide 
replaced by a link^e selected from the group consisting of a -CR20C(0)NR-linkage; a 
phosphonate linkage; a -CHj S(0)2NR- Imkage; a -CHo MR- linkage; and a -C(0)NR*- 
Imkage, and a -NHC(0)NH- Imkage wdiere R is hydrogra or lower alkyl and R* is lower 
alkyl, 

and wherein tiie N-terminus of the mimetic is selected firom the group consisting of a 
-NRR^ group; a -NRC(0)R group; a -NRC(0)OR group; a -N^^ 
-NHC(0)NHR group; a succinimide groiq); a benzyloxycarbonyl-NH- group; and a 
benzyloxycarbonyl-NH- group haying from 1 to 3 substituents on the phenyl ring selected 

>"-fit)m the group consisting of lower alkyl, lower alkoxy, chloro, andbromo, where Rand R*.^ - . ^ ..^.-.^i;^^,,.-^^/. 

independently selected fibm the group^ ■ F^^^^ v rw'^ In^ ^ 

%g ^ : - and still further wherdn,tiie C-ter^^ of the miiAetic has^th^rn^ > > ^ r> ; » • p; ^ 

where R^ is selected from the group consisting of hydroxy, lower alkoxy, and -NR^R^ where 
I Mid R^^i^ 

If :^in<i\N^^ nitrogen atom ofthe --NR^R^ g^ can ppjiOTa^^^ groupof the ; ^.V :;v ^^^^i^iV^^ 
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N-tenninus of the peptide so as to form a cyclic peptide, 
and physiologically acceptable salts thereof. 

An important aspect of the invention is drawn to peptoids comprising N-substituted 
glycine analogs which resemble naturally-occurring amino acids (i.e., Ala, Cys, Asp, Glu. 
Phe, Gly, His, He, Lys. Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, and Tyr) and 
comprising the general formula I: X^CHjCOOXc, wherein the radicals X„ and are 
either chains of conventional amino acids, chains of one or more N-substituted glycine 
analogs, or chains in which conventional amino acids and N-substituted glycme analogs are 
interspersed. 

Preferred N-substituted glycine analogs are those in which R is ethyl, prop-l-yl, prop- 

2- yl, 1-methylprop-l-yl, 2-methylprop-l-yl, benzyl, 4-hydroxybenzyl, 2-hydroxyethyl, 
mercaptoethyl, 2-aminoethyl, 3-aminopropyl, 4-aminobutyl, 2-methylthioeth-l -yl, 
carboxymethyl, 2-carboxyethyl, carbamyhnethyl, 2-carbamylethyl, 3-guanidinoprop-l-yl, 
unidazolyhnethyl, or mdol-3-yl-eflxyl, particularly where R is 2-methylpropyl, benzyl, 2- 
hydroxyethyl, 2-aminoethyl, or carboxymethyl. The resemblance between amino acid and 
substitute n^ not be txacL For example, one may replaice lysine with compounds of 
formula I in which R is aminomethyl, 2-aniinoethyl, 3-aminopropyl, 4-aminobutyl, 5- 
aminopentyl, or 6-aminohe3qrL Serine may be replaced with hydroxymethyl, 2-hydroxyethyl, 

3- hydroxypropyl, 2-hydroxypropyl, and the like. In general, a conventional amino acid may 
be replaced with an N-substituted glycine analog having a sidechain of sunilar character, e.g, 
hydrophobic, hydrophiiic, polar, nonpolar, aromatic, etc. 

Monomer refers to a molecule which may be linked to other monomers to form a 
peptoid. Monomers include amino acid substitutes, which may mclude N- and/or C-tenminal 
modifications to facilitate linking, for example, leaving or activating groups. 

N-substituted glycine analog refers to compounds of the formula RNH-CHo-COOH, 
vAiexe R is as defined above. The salts and esters of these compounds, as well as compounds 
of the formula bearing standard protecting groups (e.g,, Fmpc, t-Bqc, and.the like) are also: , 
considered within the definition of "moiiomer" and *'N-substituted glycine analog" unless * . 
otherwise specified. ■ V * 

A peptoid of the invention corresponds to a natural peptide if it elicits a biological 
activity related to the;biological activity bf the naVaxpl protein: The elicited activi^^^ be.^ 
the same as, greater than or less than thkt^of A^ 
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blocking effects. In general, such a peptoid will have an essentially corresponding monomer 
sequence, where a natural amino acid is replaced by an N-substituted glycine derivative, if 
the N-substituted glycine derivative resembles the original amino acid in hydrophilicity, 
hydrophobicity, polarity, etc. Thus, the following pairs of peptoids would be considered 
corresponding in monomer sequence: 

la: Ala-Val-ne 

lb: Ala-Val*-Ile* 

Ila: Ala-Ile-Pro-Gly-Phe-Ser-Pro-Phe 

nb: Ala-Ile-Pro-Gly-Phe*-Ser*-Pro-Phe* 

Ilia: Ala-Leu-Phe-Met-Thr 

inb: Ala-Leu-Phe*-Met-Ser* 
In these examples, ''Val*" refers to N-(prop-2-yl)glycine, "Phe*" refers to N-benzylglycine, 
"Ser*" refers to N-(2-hydroxyethyl)glycine, "Leu*" refers to N-(2-methylprQp-l-yl)glycine, 
and "He*" refers to N-(l-methylprop-l-yl)glycme. 

The correspondence need not be exact: for example, N-(2-hydroxyethyl)glycme may 
substitute for Ser, Thr, Cys, and Met;. N-(2-methylprop-l-yl)glycme may substitute for Val, 
Leu, and lie. Note m Ilia and lUb above that Ser* is used to substitute for Thr and Ser, 
despite the structural differences: the sidechain in Ser* is one methylene group longer than 
that of Ser, and differs from Thr in the site of hydroxy-substitution. In general, one may use 
an N-hydroxyalkyl-substituted glycine to substitute for any polar amino acid, an N-benzyl- or 
N-aralkyl-substituted glycme to replace any aromatic amino acid (e.g., Phe, Trp, etc.), anN- 
alkyl-substituted glycine such as N-butylglycine to replace any nonpolar amino acid (e.g.. 
Leu, Val, He, etc.), and an N-(aminoalkyl)glycine derivative to replace any basic polar amino 
acid (e.g., Lys and Arg). 

The peptoids of the invention can be produced using amino acids as the monomer 
units or amino acid substitutes. Examples of different modifications in amino acids which can 
be carried put in order to obtain the anaino acid substitutes used in the invention are put fortii:,, 
below in Table I. ■ ■ • ■ 



Table 1. Peptoid Modification Chemistry 



|Fype: of Modification 



, Isosteric . 


Enzyme f 


H-Bpnding; 






Resistance 




Monomer , 
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I 


Peptoids 










n. 


N-alkvlation 


+ 


4-H- 


+ 


Yes 


in 


a-Ester 


-H-h 


+ 


+++ 


Yes 


TV 

X V 


Thioamide 


4-H- 


++ 


+ 


Yes 


V 


N«*hvdroxvlatio]i 




+++ 


+ 


Yes 


VI 


P-Ester 


+ 


-hf 




Yes 


vn 


Sulfonamide 




++ 


++ 


No 


Vffl 


Sulfonamide-N 


+ 




++ 


No 


DC 


Urea 


+ 


++ 


++ 


No 


X 


Urefhane 


+ 


+4- 


++ 


No 



Items II, m, rV and DC are taken from Spatola, A., "Peptide Backbone Modifications: ..." in 
Chemistry and Biochemistry of Amino Acids, Peptides, and Proteins (1983) 7:267, B. 
Weinstein ed. The + refers to the extent to which replacement is characterized by the given 
property: +=minunal, i Imp artial, +++=substantial. 



As can be seen from the table, modifications can significantly alter the properties of 
the molecules, particularly with respect to en2ymatic hydrolysis. From a synthetic-standpoint, 
chiral startmg materials can be problematic. Even if they are easily synthesized, the fidelity 
of the subsequent coupling reactions needs to be addressed. Each substitute amino acid 
structure is discussed briefly below and can be compared to the amino acid structure in a 
peptide. 

I. Peptide. The individual monomer imits or substitute peptides such as those 
described below can be combined together in any manner. However, it is most preferable to 
combine the monomer units usmg methodology such as disclosed in WO89/1093 1 in order to 
obtam large libraries of different peptoids, which libraries can then be screened to find one or 
more peptoids which has a particular characteristic such as a high affinity for a particular 

' receptor ^^"5^^^ ^idb put £^ ^ 

subs&ute acids which can be iised m come^ " 
invwiticrti^ it shb^ ' " 

sequence specific synthesis of pools of diverse molecules. Any such monomer unit would be 
suitable for use in connection with th^^^^ 

. possible to search and shapes wW^^ • 
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particular receptor sites. The use of nonpeptide polymers is believed to have particular 
advantages over conventional peptides in that such peptoids would occupy different 
conformational configurations m space and should provide resistance to the action of 
proteases, which feature would be particularly important to designing conjugates wherein the 
peptoid portion would have a desirably long half-life. Further, substitute amino acids could 
be designed so as to provide for molecules which are generally easier to synthesize than 
conventional peptides might be. 

II. N-alk>'lated glycines. The main advantages of this system are the ease of synthesis 
of the properly protected achiral monomers and the vast literature of peptides concerning the 
synthesis and characterization of the closely related peptoid polymers. The main 
disadvantage is the decrease in properties dependent on the availability of amide protons for 
hydrogen bonding, such as solubilit}- in aqueous systems, conformational rigidity, secondary 
structure, etc. It is pointed out that N-alkylated glycines are a preferred class of N-substituted 
glycines which can be used m connection with the present mventiom Thus other chemically 
compatible groups oAer than R=allc\ l may be used. Further, the substitutions may be made 
on the nineteen other natural amino acids. 

in. a-Esters. Polyesters are one of the closest relatives to the normal peptide bonds. 
The advantage is the close similar!^', however, this can also be a drawback since proteolytic 
enzymes are known to recognize esters or even prefer esters as their substrates. a.-PoIyesters 
are prepared fiom chiral .alpha.-hydroxy acids in v^ch there has been considerable synthetic 
interest (Chan, P. C, et ai.. Tetrahedron Lett (1990) 3 1 : 1985). In a stspvnse feshion, 
polymers can be assraibled much as polyamides are prepared. 

rV. Thioanaides. The thioamide is also rather similar to the normal peptide. 
According to Clausen, K., et al., J Chem Soc Perkin Trans (1984) 1 :785, until 1984 there had 
been only lunited reports of the thioamide replacement for a peptide bond which tiiey 
attribute to the difficulty in synthesis. He describes the synthesis and use of a protected 
r^thioamide precursor using Lawessons's reagent Also, a recent report (Tetrahetdron Lett ^ ; . 
^^ (1990) 31:23) describes the conversion^qf a peptii^^ to ithioarhide using the same .^ ^ 
''Tta^gfid^} '^\{^^^ • ••;;"f.\' V"' ■ 

V. N-hydroxy amino acids. The advantages are the decreased sensitivity to enqrme 
hydrolysis aad.H-bonding ability due to the added hydroxy! group. KolaSa et al. has • 
described the-^'nthesis of N-^^^ et^ai, ^etrahedrpn (1977). ; . j 

9 
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33:3285). 

VI. B-Ester. This is an example of a homologue of the .alpha.-ester. Presumably the 
different spacing will confer some special properties such as increased resistance to enzyme 
hydrolysis or novel conformational flexibility. The appropriate starting materials are readily 
synthesized (Elliott, J., et aL, Tetrahedron Lett (1985) 26:2535, and Tetrahedron Lett (1974) 
15:1333. 

VIL and VIII. Sulfonamides. The two sulfonamides differ by the positioning of the R 
group. According to Frankel and Moses (Frankel, M., et al.. Tetrahedron (1960) 9:289), die 
peptide analog, i.e., the 1 ,4 substituted polymer is not stable under their condensation 
conditions. Compounds of the type Vn are readily obtained fix>m chiral B-amino alcohols 
(Kokotos, G., Synthesis (1990) 299) while those of the type Vm are achkal and easily 
synthesized. 

IX. Ureas. Ureas are also conveniently synthesized fipom carboxylic acids and amines 
using the reagent diphenylphosphoiyl azide, DPPA (Shiori, T., et al., J Am Chem Soc (1972) 
94:6203, and Bartlett, P., et al.. Synthesis (1989) 542). Previously prepared peptoids with a 
single urea replacement had properties similar to the starting peptide (see reference 1, p. 
231). Additionally, since there is still an amide proton available for H-bonding, the solubiliQr 
properties may be better than for N-alkylated glycines. 

X. Urethanes. Thestructureof aurethaneissUghtly difGsrentthanthatof auream^ 
would presumably have altered properties. Aqueous solubility may be some\rfiat reduced 
ance the amide proton is removed The polymers may be prepared via simple chemistry. 

There are nimierous other polymer systems vrfbich could be employed for tiie purpose 
of searchmg conformational space. Most notable are the phosphorous derived polymers with 
phosphonamides as one example (Yamauchi, K., et al.. Bull Chem Soc Japan (1972) 
45:2528). Polyamines (Tetrahedron Lett (1990) 31:23, and Kaltenbronn, J. S., et al., in 
Proceedings of the Eleventh American Peptide Symposium (1989) 969, J. Rivier, ed.), 
i^polyalkanesi poly ketones (Ahnquist,G.ietal., J Med Chem (1984); 27:^ 
|^iysulfbxides(Spatola:A^ Biop6lymers(l986) 25:S229)and^^^ 
-iiiit^lefor our piupbses due to either difficulty in synthesis orpredictably poor properties 
^ (e-g^, polyammes would cany a positive .charge at every junction and require double amine 

protection during syntiiesis). In summary, several alternatives to Ntalkylated glycine 
vI?9lyniersofwhich libraries could be coi^^ 
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The foregoing examples of mimetics are nonlimitmg. Peptide mimetic chemistry is a 
well-established art wherein skilled practitioners can readily generate a wide variety of 
mimics using conventional chemistry (see, e.g. Liao et al. (1998) J.Med.Chem 41, 4767- 
4776; Andrade-Gordon et al. (1999) PNAS USA 96, 12257-12262; Boatman et al. (1999) 
J.Med.Chem. 42, 1367-1375; Kasher et al. (1999) J.Mol.Biol 292,421-429; US Patent 
5,981,467; etc.) and these other strategies are applicable here, so long as the resultant 
mimetics are screened for and demonstrated to provide the requisite lAP inhibitory activity as 
assayed below. 

Synthetic methods for producing the subject peptoids are well-known in the art. 
Some general means for the production of peptides, analogs or derivatives are outlined in 
Chemistry and Biochemistry of Amino Acids, Peptides and Proteins, A Survey of Recent 
Developments, Weinstem, B. ed., Marcell Dekker, Inc., publ. New York (1983). A wide 
variety of well-established techniques are available for synthesizing peptide mimetics, see, 
e.g. siAmonomer method of R. Zuckennann et al., J. Am. Chem. Soc. (1992) 01 14: 10646-7. 
Syntheas by solid phase techniques of heterocyclic organic compounds in which N- 
substituted glycine monomer units forms a backbone is described in US Pat5,958,792, 
wherein combmatorial libraries of mixtures of sudi heterocyclic organic compounds can then 
be assayed for the ability to inhibit lAP as described below. Highly substituted cyclic 
structures can be synthesized on a solid support by combining the submonoma: method with 
powerful solution phase chemistry. Cyclic compounds containing one, two, three or more 
fiised rings are formed by the submonomer method by first synthesiang a linear backbone 
followed by subsequent intramolecular or intennolecular cyclization, also as described in US 
Pat5,958,792. General preparative protocols for exemplary peptoid classes are as follows: 

Preparation of a-Polyesters Usmg Chiral a-Hy droxy Acids As Building Blocks. The 
a-polyester structures can be prepared by using chemical synthesis technology known to 
those skilled in the art For details of the reaction, see Brewster, P., et al.. Nature, (1990) 
^ 166: 1 79. An alternative method for producing similar structures is disclosed in Chan, Pi Q,; , 
and Chbng, J. M., Tetrahedron Lett. (1990)1985. Further, \fmous p^bUeations.c^^^ 
the Chan et al. publication describe techniques for synthesizing chiral a-hydroxy acids. ? ^ 
Preparation of Polythioamides IJsing Chiral .alpha.-Amino Acids As Building Blocks 
PohtWoamide structures can be synthesized using techniques such,a3.tffose described in 
Clausen, K., et al., J. Chem. Soc. PerkM Trans. I (1984) 785; and Tetrahedroii Lett^^ . 

11 
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31:23 

Preparation of Polyhydroxymates Using Chiiai .alpba.-Amino Acids As Building 
Blodcs. Polyhydroxymates can be syntiiesized using techniques as disclosed in Kolasa, T., 
and Chimiak, A,, Tetrahedron (1977) 33:3285. References cited within Kolasa disclose and 
describe chemical techniques for synthesizmg N-hydroxy anuno acids which can be used in 
pq>toid synthesis. 

Preparation of B-Polyesters Using Chiral B-Hydroxy Acids As Building Blocks. B- 
polyesters can be synthesized using a synthesis protocol as desraibed in Elliott, J. D., et al.. 
Tetrahedron Lett. (1985) 26:2535, and Tetrahedron Utt. (1974) 15:1333. 

Preparation of Polysulfonamides Using Chiral B-Amino Sulfonic Acids As Buildmg 
Blocks. Polysulfonamides can be synthesized using the reaction scheme shown m US Pat 
No.6,075,121 . The chiral B-amino acids have berai described within Kokotos, G., Synthesis 
(1990)299. 

Preparation of N-alkylated Polysulfonamides Usmg Achiral B-Amino Sulfonic Acids 
As Building Blocks. Similarly, Aese polysulfonamides can be synthesized using the reaction 
scheme shown in US Pat No.6,07S,121. 

Preparation of Polyureas Using Adiiral fi-ammo Adds As Building Blodcs. 
Polyureas can be syntiiesized usmg techniques such as tiiose described in Shiori, T., et al., J. 
Am. Chem. So6. (1972) 94:6302, and Scholtz, J., and Bartiett, P., Synfliesis (1989) 542. 

Preparation of Polyuielhanes Using Achiral B-Amino Alcohols As Building Blodcs. 
Polyuretiumes can be syntiiesized using tiie reaction sdieme shown in US Pat No.6,075,121. 
Individual N-substituted glycme analogs are known in the art, and majr be prepared by known 
methods. See, for example, Sempuku et al., JP 58/150,562 (Cliem Abs (1984) 100:68019b); 
Richard et al., U.S. PaL No. 4,684,483; and Pulwer et al., EPO 187,130. 

Several N-substituted glycine derivatives are available Scorn commrarial sources. For 
acample, N-ben^lglycine is available from Aldrich Chemical Co. (Milwaukee, Wis.) as ttie 
e&yl ester. The ester is hydrolyzed in KQH/MeOH, then protonated in HCl to yield N-\_ , 
. .tenzylglycinevThis may thenbe protec^^ 

- treatment with,Fmoc-Cl in aqueous dioxane atM^pH (about 10). t .„ .? .y'-:''%-.^:-vsi 

Other N-substituted glycine analogs are synthesized by sunple chemical procedures. 
Nris»butylgiyfiine^^^ ^.i Uivi > 

haloacetic acid. v." 
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N-(2-aininoethyl)glycine may be prepared by reacting excess l^-diaminoethane with 
a haloacetic acid and purifying on Dowex-1® (OH form), eluting with acetic acid. The 
unprotected amine is protected with t-butox>'carbonyl (t-Boc) usmg conventional techniques 
at pH 1 1 .2, followed by protection of the secondary amine with Fmoct 

N-(2-hydroxyethyl)glycme may be prepared by reacting excess 2-aminoethanol with 
haloacetic acid and purifying on Dowex-1® (OH form), eluting with acetic acid. The amine 
nitrogen is then protected with Fmoc. Next, the acid group is esterified with methanol under 
acidic conditions. The methyl ester is then treated with isobutylene to form the t-butyl ether. 
Then, the methyl ester is hydrolyzed using porcine liver esterase in phosphate buffer at pH 
8.0, to provide a protected N-substituted glycine analog in a form suitable for peptoid 
synthesis. As an alternative to the above, the Fmoc-hydroxyethylglycine is treated with t- 
butyldiphenylsilylchloride in DMF and imidazole to give a silyl-protected alcohol. 

N-(carboxymethyl)glycine may be prepared by reacting glycine t-butyl ester with 2- 
haloacetale in aqueous solution. The product may be protected directly by addition of Fmoc. 
As an alternative, die N-(carbo;ormefliyl) glycine may be prepared by mixing glycine t-butyl 
ester, glyoxylic acid and palladium on charcoal under an atmosphere of hydrogen in water at 
pH 6. The compound is then treated with FMOC in the usual manner. 

Once die monomers have been synthesized, they may be coupled with other 
monomers and/or conventional amino acids to form analogs using standard peptide 
chemistry. For ^cample, an Fmoc-protected monomer (N-substituted glycine or conventional 
amino acid) may be immobilized on a suitable resin (e.g^, HMP) by reaction wifli 
benzotriazoH-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP) or a 
carbodiimide (for example, dicyclohexylcarbodiimide) under basic conditions (e.g., pH 9) in 
a suitable solvent The Fmoc protecting group is removed by treatment with piperidine. Each 
additional monomer is then attached sequentially using BOP or a carbodiimide, until the 
entire sequence has been constructed. The completed chain is then detached from the resin 
and the sidechaindeprotected by treating \vithtrifluoroacetic acid (TFA). . : 

Alternatively, one may connect H^substituted glycine analogs».to the^^^^^ 
produced by other methods, for example, by recombinant expression' or isolation from natural 
sources. Further, N-substituted glycine analogs may be inserted within the sequence of such 
: peptoids;by;Cleaving,the peptoid at t^^^^ ppsitidru attacWng Ml^-sul^stitute^ glycine . . 

analog, and reattaching the remainder of the mofecule or a chemically-synthesized 
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replacement 

The compositions for administration can take the form of bulk liquid solutions or 
suspensions, or bulk powders. More commonly, however, the compositions are presented in 
unit dosage forms to facilitate accurate dosing. The term "unit dosage forais" refers to 
physically discrete units suitable as xmitary dosses for human subjects and other manunals, 
each unit containing a predetermined quantity of active material calculated to produce the 
desired therapeutic effect, in association with a suitable pharmaceutical excipient. Typical 
unit dosage forms include prefiUed, premeasured ampules or syringes of the liquid 
compositions or pills, tablets, capsules, losenges or the like in the case of solid compositions. 
In such compositions, the peptoid is usually a minor component (from about 0.1 to about 
50% by weight or preferably from about 1 to about 40% by weight) with the remainder being 
various vehicles or carriers and processing aids helpful for forming the desired dosing form. 

Suitable excipients or carriers and methods for preparing administrable compositions 
are known or apparent to those skilled in the art and are described in more detail in such 
publications as Remington's Pharmaceutical Science^ Mack Publishing Co, NJ (1991). In 
• addition,thepeptoidsmay be advantageously used in conjunction with other 
chemotfaerapuetic agents such as diethylstilbestrol or DES, S-fluorouradl, methotrexate, 
inter&ron-alpha, aspariginase, tamoxifen, flutamide, etc, and chemo&erapeutic agents 
described in the Merck Manuel, 16th edition 1992, Merck Research Laboratories, Rahway, 
NJ; Goodman & Oilman *s The Pharmacological Basis ofTherapeutics, 9* Ed,, 1996, 
McGraw-Hill, esp. Chabner et al.. Antineoplastic Agents at pp .1233, etc. or otherwise known 
in tibe art. Hence the agents and peptoids may be administered sq[)arately, jointly, or 
combined in a single dosage unit. Inaparticular embodiment, the combination therapy is 
effected by a conjugate of the peptoid bound covalently to the anti-neoprolifierative 
chemotherapeutic or other phaimaceutically active agent. Any suitable conjugation 
chemistry may be used, such as derivatizing the N-terminus of the peptoids and conjugating 

V the drug through an amid linkage. ^ ^ • : : , - , ^ r . . - - - ^ ^^^^^vf . . 

£^"^ ; ^* Thie anio^ &e AV fbimcdatipii^i}Gn^ '^r^.^.-'V: ^ 4:^n 

^ V administration^ etc. and is genially empirically deterniined in routine liiak ' '■■■'rH: v -^^v^ 't^i / 

will necessarily occur depending on the target, the host, and th^ ^ r: : . ^ ^ 

..G of active comiy)un^ i , ^ c V jj^^^^i^ 

3 ^'- ' ■ a(fiijsted^x)mabout0.1 mgto lOOOmg^pre . ^ z^^;;^ < :^ ' 
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preferably 10 mg to 200 mg, according to the particular application. The actual dosage 
employed may be varied depending upon the requirements of the patient and the severity of 
the condition being treated. Determination of the proper dosage for a particular situation is 
within the skill of the art. Generally, treatment is initiated with smaller dosages which are 
less than the optimum dose of the compound. Thereafter, the dosage is increased by small 
amounts until the optimum effect under the circumstances is reached. For convenience, the 
total daily dosage may be divided and administered in portions during the day if desired. 

The following are examples (Examples 1-4) of capsule formulations for the peptoids 
of Table 2. 



Table 2. Capsule Formulations 



Capsule Foimulation 


Formula 1 

mg/capsule 


Foimula2 

mg/capsule 


Formulas 

mg/capsule 


Formula 4 
mg/capsule 


Solid Solution 


100 


400 


400 


200 


Silicon Dioxide 


0.625 


2.5 


3.75 


1.875 


Magnesium Stearate NF2 


0.125 


0.5 


0.125 


0.625 


Cioscarmellose SocUum NF 


11.000 


44.0 


40.0 


20.0 


Plutonic F68NF 


6.250 


25.0 


50.0 


25.0 


Silicon Dioxide NF 


0.625 


2.5 


3.75 


1.875 


Magnesium Steaiate NF 


0.125 


0.5 


1.25 


0.625 


Total 


118.750 


475.00 


475.00 


475.00 


Capsule Size 


No.4 


No.O 


No.O 


No.2 



Preparation of Solid Solution 

Crystalline peptoid (80 g/batch) and the povidone (NF K29/32 at 160 

V X spray ndrvCT and^.residue r^ tp:luie; particie^^ by grinding. iCbe j)qjK^ .i>a§s^l^U!i^^^ 

through a 30 mesh screen and confirmed to be amorphous by X-ray analysis. . ; . / , 

X;:^-' ^^^^^ The solid solution, siUcon dioxide a^ • v 

^f^'^;^:^-. ' irii^CT for lO'muiutes, The mixture is cbdbi^tc^^^ miUed ^: ^ S^-^ ' :^ ^ ^ V ^ 

^l^^ ^ using a siritable mill fitted with 30 meshcsdreen. Croscannellose sq^um; Plinpnic F68 j jJu % V"- ^ ^ = 
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silicon dioxide are added to the milled mixture and mixed further for 10 minutes. A premix is 
made with magnesium stearate and equal portions of the mixture. The premix is added to the 
remainder of the mixture, mixed for 5 minutes and the mixture encapsulated in hard shell 

gelatin capsule shells. 

AV peptoids can be administered by a variety of methods including, but not lunited 
to, parenteral, topical, oral, or local administration, such as by aerosol or transdermally, for 
prophylactic and/or therapeutic treatment. The chemotherapeutic agent and/or radiation 
therapy can be administered according to ther^utic protocols well known m the art. It will 
be ^parent to those skilled in the art that the administration of the chemotherapeutic agent 
and/or radiation therapy can be varied depending on the disease being treated and the known 
efiFects of the chemotherapeutic agent and/or radiation ther^y on that disease. Also, in 
accordance with the knowledge of the skilled clinician, the therapeutic protocols (e.g., dosage 
amounts and times of adnunistration) can be varied in view of the observed effects of the 
admmistered therapeutic agents (i.e., antineoplastic agent or radiation) on the patient, and m 
view of the observed responses of the disease to the administered ther^utic agents. 

The particular choice of peptoid, chemotherapeutic agent and/or radiation depends 
upon the diagnosis of the attending physicians and their judgement of flie condition of the 
patient and the appropriate treatment protocol. The peptoid, chemotherapeutic agent and/or 
radiation may be administered concurrently (e.g., simultaneously, essentially shnultaneously 
or within the same treatment protocol) or sequentially, in any order, depending \xpon tiie 
nature of the prqliferative disease, tiie condition of the patient, and the actual choice of 
chemotherapeutic agent and/or radiation to be administered in conjunction (Le., within a 
single treatment protocol) with the peptoid. Similarly, the peptoid and the chemotherapeutic 
agent do not have to be administered in the same pharmaceutical composition, and may, 
because of different physical and chemical characteristics, be administered by different 
routes. 

In one embodiment of the present invention,. the method of tiiCriny^tion incliides ; : 

"'^^eimc^rldi^^ 

die peptoid may be administered, for example, by intravenous injection^ o^^^^ Qpe 
embodiment of the invention provides local administration of the peptoid, for example, at the 
rtumpr.site>. With local , a preferred p^ 

by local injection. However, local administration may also be by catheter, or by local ; , 

'1 , ." ■ * 
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deposition, for example by intra- or peritumoral administration of products sold under the 
trademark Depofoam®, slow release pimip/drug delivery service, implantable or topical gel 
or polymer, depending on the nature and location of the tumor. Administration of the 
therapeutics of the invention can also be eflfectd by gene therapy protocol. 

The therapeutics of the invention can be administered in a therapeutically effective 
dosage and amount, in tiie process of a therapeutically effective protocol for treatment of the 
patient. The initial and any subsequent dosages administered will depend iq>on the patient's 
age, weight, condition, and the disease, disorder or biological condition being treated. 
Depending on the therapeutic, the dosage and protocol for administration will vary, and the 
dosage will also depend on the method of administration selected, for example, local or 
systemic administration. For a very potent peptoid, microgram (ug) amounts per kilogram of 
patient may be sufficient, for example, in the range of about 1 ug/kg to about 500 mg/kg of 
patient weight, and about 1 00 ug/kg to about 5 mg/kg, and about 1 ug/kg to about 50 ug/kg, 
and, for example, about 10 ug/kg. 

In general, routine experimentation in clinical trials will determine specific ranges for 
optimal ther^eutic effect, for each therapeutic, each admmistrative protocol, and 
administration to specific patients will also be adjusted to within effective and safe ranges 
depending on the patient condition and responsiveness to initial administrations. However, 
the ultimate administration protocol will be regulated according to the judgment of the 
attending clinician considering such factors as age, condition and size of the patient as well as 
peptoid potency, severity of the disease bemg treated. For example, a dosage re^en of the 
peptoids can be oral administration of fit>m 10 mg to 2000 mg/day, preferably 10 to 1000 
mg/day, more preferably 50 to 600 mg/day, in two to four (preferably two) divided doses, to 
reduce tumor growth. In a preferred embodiment, in cases where the peptoid is based on a 
fused-ring cyclic benzocycloheptapyridine, the preferred dosage of the inhibitor is oral 
administration of from 50 to 600 mg/day, more preferably 50 to 400 mg/day, in two divided 
doses. Intermittant therapy (e.g., one week out of three weeks or three out of four ^veeks) naay 

^:alsobeused; ' '" - • • *■ • ' >-rr:n":%- S ■ 

In one example of combination therapy in the treatment of pancreatic cancer, the , ; ; 
peptoid is selected from Table 4 or 5, administered orally in a range of from 50 to 400 
mg/day, in two divided doses, on a contmuous dosing regiinen; and tiie antineoplastic ageiit 

^ is gemcitabihe administered at a dosage of from 750 to 1350 mg/m? weekly for three out of 
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four weeks during the course of treatment. In another example of combination therapy in the 
treatment of lui^ cancer, the peptoid is selected from Table 4 or 5, administered orally in a 
range of from 50 to 400 mg/day, in two divided doses, on a continuous dosing regimen; and 
the antineoplastic agent is paclitaxel administered at a dosage of from 65 to 175 mg/wr once 
every three weeks. In another example of combination therapy in the treatment of gliomas, 
the peptoid is selected from Table 1, administered orally in a range of from 50 to 400 
mg/day, in two divided doses; and the antineoplastic agent is temozolomide administered at a 
dosage of from 100 to 250 mg/ml In another example of combmation therapy, the peptoid is 
selected from Table 4 or 5, administered orally in a range of from 50 to 400 mg/day, in two 
divided doses, on a continuous dosing regimen; and the antineoplastic agent is 5-Fluorouracil 
(5-FU) administered either at a dosage of 500 mg/m^ per week (once a week), or at a dosage 
of 200-300 mg/m- per day in the case of continuous infiision of the 5-FU. In the case of 5-FU 
administration on a weekly injection, 5-FU may be administered in combination with a 
foliate agonist, e.g., Leucovoran (at a dosage of 20 mg/m^ /week). 

A preferred embodunent of the invention includes monitoring the effects of the 
treatment with an AV peptoid for signs of tumor regression, and subsequently adjusting the 
administration of further doses accordingly. For example, a person with breast carcinoma 
would be treated locally with an agent such as cyclophosphamide methotrexate 5-FU (CMF) 
or tamoxifen or local radiation 1iierq>y and an AV peptoid. Subsequent mammogr^hy , 
ultrasound, or physical exams, as compared with the same pre-treatment tKts, would direct 
the course and dosage of fiirthCT treatmenL- 

The attending clinician, in judging whether treatment is effective at the dosage 
administered, will consider the general well-being of the patient as well as more definite 
signs such as relief of disease-related symptoms, inhibition of tumor growdi» actual shrinkage 
of the tumor, or inhibition of metastasis. Size of the tumor can be measured by standard 
methods such as radiological studies, and successive measurements can be used to judge 
, whether or not growth of the tumor has been retarded or even reversed. Relief of disease-^,. 
I related symptoms' such as pain, and iinp^rbvemeht in byer^^^ ; 
' help judge effectiveness of treatment: Accordiingly, preferred einb^ invention 

include monitoring of the patient after treatment with an AV peptoid for signs of tumor 
\.regressipn.,Such monitoring incl^^ not limited to physical exam^jCT^s 

mammography, chest X-rays, bone scans, ultra-sounds, bronchoscopy, endoscopy. 
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colonscopy, laparoscopy, and tests for tumor markers such as PSA, CEA, and CA125. The 
^qjpropriateness of any form of moftitoring will be determined by the nature of the cancer 
being treated. 

EXAMPLES 

Preparation of Monomers. Representative monomers of the invention, suitable for 
peptoid construction, were prepared as set forth below. Efforts have been made throughout 
the examples to insure accuracy with respect to numbers used (e.g., amounts, temperature, 
pH, etc.) but some experimental errors and deviation should be accounted for. Unless 
indicated otherwise, parts are parts by weight, temperature is in degrees centigrade, and 
pressure is at or near atmospheric. 

Example 1. FMOC-N-Ben^iglycine 

A. Reaction 1 

N-benzylglycine ethyl ester (Aldrich, 4.0 mL, 20.9 mmol) was dissolved in methanol 
(40 mL) and treated overnight with aqueous KOH (1 0 M, 8 mL) at room tempoature. TLC 
indicated complete conversion to product The solution was cooled in an ice bath and 
carefully acidified to pH 2 with HCl. White crystals were collected and recrystallized fix)m 
aqueous methanol, to provide 3.95 g (93%) of the HCl salt 

B. Reaction 2 

N-bemq^lglycine-HCl (1.07 g, 5.3 nmiol) was dissolved m aqueous acetonitrile, and 
the pH brought to 9-10 with 1 N NaOH. A solution of FMOC-Cl in acetonitrile was added 
dropwise, and the pH maintamed by adduig base, until the reaction was complete (as judged 
by TLC). The pH of the solution was lowered to 4, and the solution extracted with ethyl 
acetate. The organic layer was washed with water and dried over sodiimi sulfate. Silica gel 
chromatography (ethyl acetate/hexanes) yielded FMOC-N-benzylglycine as an oil (1.43 g, 
70%), which could be recrystallized from acetic acid/methanol. This monomer may be used 
in peptoids at any position at which an ^^ is desired: ;; : c p : ^ : ^ ?>i v^^: 

Example 2. FMOC-N-isobutylglycine 
A- Reaction 3 ; ^ , : v 

Isobutylamine (50 mL, 0.5 mol) was cooled in an ice bath, and bromoacetic acid (6. 1 
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g, 43.9 imnol) added slowly as a solid, insuring that each piece dissolved After stirring 
overnight, the excess amine was removed and MeOH was added to the resulting oil. The 
resulting mixture was concentrated, and repeated using MeOH/HCl. Finally, a white solid 
was reciystallized fix>m ethanol/ether to provide N-isobutylglyciae.HCl (3.95 g, 53.7%). 
B. Reaction 4 

N-isobutylglycme.HCl (1 .25 g, 7.46 mmol) was dissolved in aqueous acetonitrile and 
treated with FMOC-Cl as described in part (A) above. After the reaction was complete, the 
pH was lowered to 2.5 and tibe aqueous solution extracted with ethyl acetate. The organic 
layer was washed with water, saturated NaCl, and dried ov^ sodium sul&te. Silica gel 
chromatography (ethyl acetateAiexanes) yielded FMOC-N-isobutylglycine as an oil (1 .29 g, 
47%). Additional material could be recovered fiom impure chromatographic fiactions. This 
monomer may be used m peptoids at any position at which an aliphatic, hydrophobic side 
chain is desired. 

Examples. FMOC-N-<hP-BOC-2-aminoethyl)glycme 

A. Reaction 5 

Etfayl^iediamine (65 mL, 0.97 mol) was cooled in an ice balfa, and chloroacetic acid 
(10.0 g, 0. 106 mol) added in smaU portions, allowing each portion to dissolve. After the 
addition was complete, the solution was allowed to stir overnight at room temperature. Wat^ 
was added and the solution applied to a Dowex®-AG-l column (OH* form, 2.5>€50 cm). The 
column was wasbed with water (2 L) until ninhy drin-x^ative, and the product eluted with 
0.5 N HOAc. The ninhydrinrpositive fractions were pooled, concentrated, and reciystallized 
from EtOH/Etj 0/HCl to provide N-2-ammoethylglycinc.HCl (9.7 g, 48%). 

B. Reaction 6 

N-2-ammoethylglycme.HCl (2.5 g. 13.1 mmol) was dissolved m water (20 mL) and 
dioxane (25 mL). The pH was brought to 1 1 .2 with concentrated NaOH. BOC- 

nitrophenylcarbonate (3.5 g, 14.6 mmol) was dissolved in dioxane (20 wL) and added over . i.. . ^ . . 

45 min with stirring, maintaining the pH with a pH stat. After the addition, tiie solution vvas.., ;^ :. ^^, ^: . .. : , ^ _ 
^stirred foi^)nei^^ 

resdting solution extracted with ether. llie pH^^^ . . .... - t ^. 

extracted with etiierv then lowered to 2 and extracted wi4 . : - ' ; 

product remained in the aqueous layer!' T^ without fiirther'pu^^5catiom^ ^r/f/tay^^^^^ ;^ * rvr^e^= ^^Vv ^ ' ' * 



20 



wo 02/16402 . „ . PCTAJSOl/41869 

The pH of the solution was adjusted to 9.5 with NaOH, providmg a total volume of 
about 200 mL. Acetone (50 mL) was then added, and FMOC-N-hydroxysuccinunide (4.64 g, 
13.6 mmol) in acetone (100 mL) added dropwise while maintaining the pH. The reaction 
mixture was stirred overnight The basic solution was extracted with ether and carefully 
acidified to pH 2.5 with HCl and KHSO4- The acidic solution was washed with saturated 
NaCl and dried over sodium sulfete. After concentration, the solid was recrystallized from 
ethyl acetate/hexanes to provide FMOC-N-(NP-BOC-2-aminoethyl)glycine (4.74 g, 57% for 
two steps). This monomer may be used in peptoids at any position at vMch a basic side chain 
is desired. 



Example 4. FMOC-N-(2-t-butoxyetiiyl)glycme 

A. Reaction 7 

Ethanolamine (60 mL) was cooled in an ice bath, and chloroacetic acid (10.0 g, 10.5 
mmol) added m portions, allowing each portion to ftdly dissolve. The solution was then 
heated to eO^'C. for one hour. After cooling, the product was applied to a Dowex®-AGl 
column (OH" form, 2.5x50 cm). The column was washed with water until the washes were 
ninhydrin-negafive, and tiie product eluted with 0.5 N HOAc. After concentration, N- 
2(hydroxyetfiyl) glycine (9.8 g, 52%) was obtamed 

B. Reaction 8 

N-2(hydroxyefhyl) glycine (5.18 g, 28.9 mmol) was dissolved in 1 N NaOH (60 mL) 
and dioxane (60 mL). The pH was adjusted to 9.5 and tiie solution cooled in an ice baA. 
FMOC-Cl (10.0 g, 38.7 mmol) in dioxane (50 mL) was added dropwise with stirring v*ile 
maintaining the pH by addition of NaOH. After the addition was complete, the solution was 
allowed to stu* at room temperature for two more hours. The basic solution was extracted 
with ether. Then, the solution was carefully acidified to pH 2.5 with HCl, and the acidic 
solution extracted with EtOAc, which was washed with NaCl and dried over sodium sulfate. 
After concentration, the product was recrystallized from ethyl acetateyliexanes to provide ^ 
FMdC-isr^droxyethyIglycine(9.11 g^^^ ■ f ; :^ r ! r:;. ifr::- -^ :^r^- { 

The product (805 mg, 2.36 mmol) was dissolved in MeOH and die solution acidified 
, with a few drops of H, SO4. The solution was heated at reflux for 30 mmutes^ m TLC . 
indicated a complete conversion to product. Water was added, and the solution extracted with 
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ether, ethyl acetate, and methylene chloride. The ether and ethyl acetate solutions were 
combined and washed with water and brine, and dried over sodium sulfete. The methylene 
chloride extract was washed with water and dried, the combined organic layers were 
concentrated to 880 mg of product, which was used without fiirther purification. This product 
was dissolved in methylene chloride (1 1 mL) and cooled m a dry ice bath. Isobutylene (about 
10 mL) was added, foUowed by concentrated sulfuric acid (100 \iL). The flask was stoppered 
and allowed to stand at room temperature. After one week, the flask was cooled to -78''C., 
opened and allowed to warm up to room temperature under a stream of nitrogen. The 
methylene chloride solution was washed with sodium carbonate and water, and dried over 
sodium sulfate. The concentrated material was chromatographed using ethyl acetateAiexanes 
to provide two major products; by NMR. the desired product and the bis t-butyl product 

The desired product (521 mg, 1.27 mmol) was suspended in 0.1 M sodium phosphate 
(pH 8.0). Porcine liver esterase (100 HL, 108.5 u/mg, 10 mg/mL) was added foUowed by 
Triton® (200 \iU 10% aqueous solution). The pH was maintained at 8 by periodic addition 
of NaOH. After one day, the solution was extracted with ethyl acetate. TLC indicated a 
slower moving compound in addition to umeacted starting material, which was verified as 
FMOC-N-(2-t-butoxyethyl)glycine by NMR. This monomer may be used in peptoids at any 
position at v^ch a hydrojqrHwntaining side chain is desired. 

Examples. FMOC-N-caiboxymethyl(t-butylEster)glycme 
A. Reaction 10 

Glycine, t-butyl ester (10.0 g, 52.3 mmol) was dissolved in water (150 mL) and the 
pH adjusted to 9.5 withNaOR Chloroacetic add (1.1 g, 1 1.6 mmol) in 50 mL v^rater was 
added dropwise to the solution with stirring while maintaining tiie pH wifli a pH stat After 
the addition was complete, the reaction was allowed to stir ovemiiJiL The basic solution was 
exhaustively extracted witii EtOAc and CH, CU, until tiiere was no additional glycine t-butyl 
ester in the aqueous layer, asjudgedby TLC. %materid was used witiiout^fi^^ 

,) . The pH of the solution was adjusted to 9.5, and acetone (1 00 mL) added. A solution 

• - of FMOC-NHS (4.0 g, 11.9 mmol) in acetone (50 mL) was added slowly and the pH 

: maintained at 9.5. After stirring 2 days, the basic solution was extracted witii etiier, cooled m 
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an ice bath, and carefully acidified to pH 2.5 with KHSO4. The acidic solution was extracted 
with ethyl acetate. The organic layer was washed with water and dried over sodium sulfate. 
After concentration, FMOC-N-carboxymethyl(t-butyl ester)glycine (3.07 g, 64% fiom 
chloioacetic acid) was obtained as an oil. This monomer may be used in peptoids at any 
position at which an acidic side chain is desired. 

Example 6. Preparation of Peptoids 

Di- and tri-peptoids containing 1-3 N-substituted glycine analogs of the invention 
were prepared using the N-substituted ammo acids FMOC-N-isobutylglycine OLeu*) and 
FMOC-N-benzylglycine (Phe*). The amino acids were loaded onto a Wang resin (S.-S. 
Wang, J Am Chem Soc (1973) 95:1328) and coupled using benzotriazoyloxy- 
tris(dimethylamino)phosphonium hexafluorophosphate (BOP) and diisopropylethylamine 
(DBEA). Substitution levels were determined using standard analytical procedures by 
quantifying the amount of FMOC released by treatment with piperidine in DMF. These resins 
are routinely capped with benzoyl chloride/pyridine prior to further coupling reactions. 

HPLC analysis was performed using a Hewlett-Packard Diode-Airay 1090 Liquid 
Chromatograph, using a 2% gradient of 0-100% acetonitrile (0.1% trifluoroacetic acid)/H2 O 
(0.1% TEA) over 50 minutes, with an initial 5 min delay (flow rate 0.8 mL/min). The column 
used was a 40 mmxx25 cm Vydac® C-18 stainless steel column. IR spectra were obtained 
using a Nicolet FT-IR. FMOC-amino acids, loaded resin, and BOP were obtained fcom 
Advanced Chemtech. 

(A) FMOC-Leu*-Cl was prepared by dissolving FMOC-N-isobutylglycine (150 mg, 
0.42 mmol) m CHj CI2 C2.8 mL), and adding Aionyl chloride (309 JlL, 4.2 mmol) and 3 \xL 
DMF (0.04 mmol). The reaction mixture was stirred for 5 hours and concmtrated in vacuo, 
repeatedly dissolving in CHj Clj (3xx) to provide FMOC-Leu*-Cl as a coloriess oil (146 mg, 
92%): IR (cm'^) -1804, 1720, 1715. FMOC-Phe*-Cl was similarly prepared. 

(B) The Wang resin (0.94 nunoyg. Applied Biosystems, Inc.) ^ 

. combining FMOC-Phe* (0.8 nmioO with Wang resin (325 mg, 0:3 mm61)'m^ 

mmol). The resulting slurry was stirred at 23*^0. for 24 hours. The resin was then filtered and 
washed with CH2 CU and 40% MeOH/CH, Clj, and dried under vacuum. The resin was then 
capped by swelling with CH, CU (4.3 n^) and cooled to O^^C. Pyridine; (120|lL) was added . 
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followed by benzoyl chloride (140 jiL). The resin was stirred while warming to 23^C. over 1 
hour, filtered and washed with CHj CU and dried under vacuum to provide FMOC-Phe*- 
Wang. 

(C) Similariy, proceeding as in part (B) above but substituting FMOC-N- 
isobutylglycine, FMOC-N-(N'-BOC-2-aniinoethyl)glycme, FM0C-N-(2-t- 
butoxyethyl)glycine, or FMOC-N-carboxymethyl(t-butyl ester)glycine for FMOC-N- 
benzylglycine, the corresponding resins are prepared, 

(D) FMOC-Phe*-Wang resin (63 mg, 0.43 mmol/g) was deprotected by initial 
washing with 20% piperidine in DMF, followed by treatment for 20 min. After repeatedly 
washing with DMF, MeOH, and CHj Clj, the resin was treated with FMOC-Leu*-CI (30 mg, 
0.08 mmol) in CH2 CI2 (380 JlL). Pyridine (1 10 ^L, 1.4 nunol) was added, and the resin 
shaken for 4 hours. Monitoring the coupling (A. Grandas et al., Int J Peptide Protein Res 
(1989) 33386-90) revealed that the reaction was complete within 20 min. Filtration and 
washing witii CEtj Clj and MeOH provided the fully covqpied resin FMOC-Leu*-Phe*-Wang. 

(E) Similarly, proceeding as m parts (B-D) above, the following resms (and their 
deprotected forms) were prepared: 

FMOC-Leu*-Pro-Wang; FMOC-Leu*-Leu*-Wang; FMOC-Leu*-Leu-Wang; 
FMOC-Phe*-Phe*-Wang; FMOC-Gly-Leu*-Wang; FMOC-Leu*-Phe-Wang; 
and FMOC-Leu*-Leu*-Phe-Wang. 

Leu* indicates N-isobutylglycine, and Phe* indicates N-ben:^lglycine. The pqptoids 
are cleaved from the lesms using 95% TFA, vdiile the reaction was monitored by RP-HPLC 
as described above. The results are shown in Table 3 as follows: 



Table 3 Peptoids and Retention Times 



Peptoid 


Retention Time (min) 


FMOC-Leu* 


38.7 


Leu* ■ . , 


(not retained) 








Phe* 


15.0 


FMOC-Leu*-Leu* ' : ' 


40.1 " •:• '. '"' , .' " 


Leu*-Leu* 


19.7 



24 



wo 02/16402 



PCTAJSOl/41869 



FMOC-Leu*-Phe* 


41.1 


FMOC-Phe*-Phe* 


43.4 


FMOC-Leu*-Leu 


40.4 


Leu*-Leu 


21.9 



Example?. Solid Phase Chemistry 

Resins: Unloaded WANG (HMP) resin. Rink resin, and preloaded PAM resins were 
bought from Advanced Chemtech or ABI . The first amino acid was coupled to the WANG 
and Rink resins using the PyBrop method described below. 

Resm Deprotection: The resin was treated with a 20% piperidine in DMF solution for 
one minute, drained, and repeated for 20 m. After draming, the resin was washed with DMF 
3 times and methylene chloride 5-7 times. 

Substitution Level: A preweighed dried amount of resin is treated with a solution of 
20% piperidine in DMF (SOOX ' mL) m an eppendorf tube on a vortexer. After 20-30 m, the 
tubes are centrifiiged for a few minutes to settle the resm. An aliquot is removed (50X) and 
diluted to 1 mL with acetonitrile. The absorbance at 300 nm is recorded vs. a standard of the 
same dilution pip/DMF in ACN. In general, the spectrum ftom 280-320 nm is taken to ensure 
the characteristic pattern for an FMOC derived product The following formula is used to 
calculate the mmol/g (substitution level) of the resin: mmol/g = [Abs(300 nm)][Xpip/DMF 
solution][ACN dUution] / [mg resin][eM-'cm-*][l cm], e.g., 1.47 mg resin, A300 =0.298, 0.5 
mL pip/DMF used, 50/1000 dilution. 

Coi^ling: Acyl halide chemistry: The amino acid (1 mmol) was dissolved in 
methylene diloride (10 mL) and treated witii Aionyl chloride (750X) and DMF (lOX). The 
reaction was monitored by TLC or HPLC by mfadng 1 OX with 1 OOA. methanol. In all cases 
studied, the Rf of the metiiyl ester was greater than Ae corresponding Rf of the carboxylic 
acid. After stirring 30 m to 2 h, the solution was concentrated on a rotavap several times fiom 
methylene chloride, and benzene or toluene, followed by high vacuum concentration to 
remove the solvents. In general, the comiK>unds were oi^^ 

They were used without further purification. The acyl halide was dissolved in an appropriate 
amount of methylene chloride and was added to the deprotected resin, followed by a solution 
of DIEA/methylene chloride. After an appropriate time, usually 1 hour, the resin was drained 
and washed well with methylene chloride, dried, and assayed for FMG^^ ^ 
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Coupling: PyBroP chemistry: The resin (~ 100 mg, 0,05 nmiol), after deprotection, 
was washed well (5-10 times) with methylene chloride. A 0.2 mmol aliquot of the amino acid 
was weighted mto a vial. This was dissolved in 1 .0 mL methylene chloride and 0.1 mL 
DIEA. A 0.2 mmol aliquot of PyBroP (bromo-tris-pyrrolidino-phosphonium hexafluoio- 
phosphate), purchased from Nova chemicals UK, was weighted into another vial. It was also 
dissolved in 1.0 mL methylene chloride, however, this solution remained cloudy. The amino 
acid solution was added to the resm followed by the PyBroP solution. The mmi-column was 
capped, vented, and gentiy shaken for one hour. The resin was drained, washed well with 
methylene chloride and ready for a repeat coupling or capping. 

Coupling: DIC/HOBt chemistry: The resin 50 mg, 0.033 mmol), after deprotection, 
was washed well (5-10 tunes) witii DMF. To the resin was added 440X of DMF followed by 
noX of a IM solution of amino acid in DMF and 170X. of a IM solution of DIC and HOBt 
in DMF. The mini-column was capped, vented, and gentiy shaken for one hour. The resin 
was drained, washed well with methylene chloride and ready for a repeat coupling or 
capping. 

Capping: After coi^ling, the resin was washed well witii methylene chloride and 
treated with lOOX acetic anhydride, lOOX pyridine, and 2 mL metiiylene chloride for 30 
minutes. 

Example 8. Polymer Purification and Analysis 

Polymers usii^ WANG Resm: Polymers prepared using tiie WANG or RINK resins 
were cleaved using the standard protocol, i.e., 95% aqueous TFA for one hour at room 
temperature. No scaver^ers were necessary (no Trp, Tyr, Met). The TFA solution was 
filtered, dried down, and resuspraded in 20% aqueous acetic acid for HPLC analysis. 

Polymers using PAM Resin: Resins were cleaved m HF at 0**C. for one hour. Either 
the resin was extracted with DMF, or the resin was extracted with 50% aqueous acetic acid, 
concentrated, and redissolved in acetonitrile for HPLC analysis. In both cases, the organic • 
solvent wiasxiiluted to approximately 25% with water before reversed phase HPLC on C-18 
support. • ' 

with and preferably inhibit the activity of an Inhibitor of Apoptosis protein (lAP), as 
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measured by lAP binding, procaspase-3 activation or promotion of apoptosis. Note that these 
assays may be used to ass^ peptoids for requisite lAP binding as well as to screen for agents 
(e.g. antagonists) which potentiate peptoid-IAP binding. The in vitro binding and FP assays 
(Examples 9-1 1) are particularly suited to identify peptoid antagonists, i.e. compounds which 
competitively displace tiie peptoid, preferably at at least 1%, more preferably at at least 10%, 
more preferably at at least 50%, and most preferably in excess, of equimolar displacement 
Accordmgly, the invention provides such AV peptoid antagonists produced (i.e. initially 
identified through) by these methods. 

Example 9. In vitro lAP (BIR) Binding/Interaction Assay 

Interaction between AV peptoids and lAPs was examined by GST-mediated pull- 
down assays. Approximately 0.4 mg of a recombinant lAP firagment (second BIR 
(baculoviral lAP repeat) motif of XIAP) was bound to 200 ml of glutathione resin as a GST- 
fusion protem and incubated with 0.5 mg of radiolabeled AV peptoids at room temperature. 
After extensive washing with an assay buffer containing 25 mM Tris, pH 8.0, 150 mM NaCl, 
and 2 mM dittiiothreitol (DTT), the complex was eluted witii 5 mM reduced glutatiiione and 
visualized by SDS-PAGE wifli Coomassie staining. AV peptoids are shown to specifically 
bind the lAP. 

In particular experiments, we demonstrate that wild-^pe N-te rminal Smac fiagments 
are sufficient to effect lAP binding. Smac stimulates activation of procaspase-3 by relieving 
the lAP inhibition^O, 21 . All members of the lAP femily contain at least one BIR 
(baculoviral lAP repeat) motif and many contain ttiree^. Recent e3q)eriments indicate that 
diflferrat BIR domains may exhibit distinct fimctions; for example, the second BIR domain 
(BIR2) of XIAP appears to be a potent siqppressor of jq)optosis and a direct inhibitor for 
caspases whereas neither BIRl nor BIR3 exhibited similar activity23. We report here that 
Smac and N-terminal fragments thereof can specifically interact with tiie second or tiiird BIR 
•domain of XIAP. Similar results are obtained with N-terminal firaq^ 
Reaper, Grim, and Hid, as well as synthetic homologs; see Table 4. . , r - . 

Table 4. lAP binding of AV peptoids comprising wild-type Smac, Reaper, Grim and Hid N- 
terminal peptide seauences.and synthetic homologs,. . r ; • . . . : ! / > 
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A V PmtoiH 


lAP 
Binding 


AV Pentoid 


lAP 
Binding 


Smac-2- NH2-AV-C00H 


++ 


Grim-3: NH2-AIA-C00H 


•4-H- 


Smac-3* NH2-AVP-C00H 


+++ 


Grim-4: NH2-AIAY-C00H . 


+++ 


Smac-4- NH2-AVPI-COOH 


+++ 


Grim-5: NH2-AIAYF-C00H 




Smac-5: NH2-AVPIA-C00H 


4-H- 


Hid-4: NH2-AVPF-CO0H 


+++ 


Q«vi<k#«_#%* "MMO-AVPTAn-POnW 
oinaC-O. JNliZ-A V r i/\v^-v^wi-^n 


+++ 


Hid-5" NH2-AVAFY-C00H 


-H-f 




1 1 1 


Hid-6- NH2-AVAFYL-COOH 


+++ 


omac- / K. rirlZ-JvVi Air V A- 
COOH 


A 
U 


<;vnth-l A- NH2-AIP-COOH 

}OyxX\XX JJrXm llXl^ XTJlt V^V/VyXl 


+++ 


Rcapero: NH2-AVA-C00H 


+++ 


Synth-3B: NH2-ALP-C00H 


+++ 


Reaper-4: NH2-AVAF-COOH 


+++ 


Synth-3C: NH2-ALA-C00H 


+4+ 


Reaper-5:NH2-AVAFY-COOH 




Synth-3D: NH2-ALV-C00H 


+++ 


Reaper-6: NH2-AVAFYI-C00H 


+++ 


Synth-3E: NH2-AW-C00H 


++ 



Example 1 0. High-Throughput In Vitro Fluorescence Polarization Binding Assay 
Sensor Rhodamine-labeled AV peptoid (final cone. = 1-5 nM) 
Receptor: Glutathione-S-transferase/BIR fusion protem (final cone. = 1 00 - 200 nM) 
Buffer 1 0 mM HEPES, 1 0 mM NaCl, 6 mM magnesium chloride, pH 7.6 

1 . Add 90 microliters of peptoid/BIR mixture to each well of a 96-well microtiter plate. 

2. Add 1 0 microliters of test compound per well. 

3^ Shake 5 min and within 5 minutes determine amount of fluorescence polarization by 
using a Fluorolite FPM-2 Fluorescence Polarization Microtiter System (Dynatedi 
Laboratories. Inc). 
r-^ Tested AV peptoids and Sniacfira^ 

,J^IAP - 

* Table 5. AV Peptoids Effecting lAP Bindmg and Test Compounds Demonstrating Peptoid 

; ; Displacement ( 
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/vv repxolu 


TAP 

Binding 


Xwdl V^K/lU^/v UllUO UWXXAUXXdUCXUXXg 

displacement 


Displacement 


XWBC241 1 


+-H- 


N67218, N63439, S25539, S57739, S43643 


+++ 


XWBC0093 


+++ 


N32665, N19093,N37883, S38674, S03480 


+-H- 


CDWB4558 


+++ 


C32829, CI 0438, C85376, C26347, C46792 


4++ 


WYRMS7726 


+++ 


N47639, N27374, S29387, S68093, C62039 


+++ 


WYRMS1592 


-m- 


S89374, S26293, S10328, S72934, C39384 


H-H- 


WYRMS9311 

TT X XxXTAW/aJ X X 




N28474, S26743, C29287, C27478, C32937 


+++ 


TOKA0283 


-H-+ 


S29374, S07984, S28340, S14242, C86908 


+++ 


TOKA6305 


+++ 


N16261, S21652, S15533, S46658, S93399 


+++ 


TOKA3375 


+++ 


S37355, S79685, S76246, S97421, S14243 


+++ 


BAKHC7539 


+++ 


S32532, C09485. C36389, C54200, C15437 


+++ 


BAKHC2294 


-l-H- 


N36536,N94777, S32520, S36378, C21233 


+++ 


BAKHC5275 


+++ 


S59273, S32688, S29875, S78993, C20357 


+++ 



♦Mimetics with BC designations are made by the backbone cyclic proteinomimetic protocol 
(Kasher et al., 1999, supidi); mimetics with RMS desi^tions are made by the rigid 



molecular scaffold protocol (Andrade-Gordon et al., 1999, sv^ra); mimetics with KA and 
KHC designations are made by the a-ketoamide and a-ketoheterocyycle protocols (Boatman 
et al., 1 999, supra), respectively. 

♦♦Test compounds with N, C and S designations are obtained from natural (Merck & 
Co. Inc.), combinatorial (DuPont Pharmaceuticais Co.) and other synthetic libraries (Pangea 
Systems), respectively. 

1 1 . High tbroi^put solid phase peptoid-BIR bmding / binding-interference assay. 
A. ; Reagents: , ^ 

- Neutralite Avidin: 20|lg/nil in PBS. 

; ' - BIdckiflg buffer • 5% BSA^O^%Wv/eea 20 in PBS; Lhour^t room 

- Assay Buffer: 100 mM KCL 20 mM HEPES pH 7.6, 1 mM MgCl,, 1% glycerol, 
0,5% NP^O; 50 mM b-mercaptoethanol, 1 mg/ml BS A, cocktail of protease inhibitors. 

' - • ^^F^ Smac pei^^ 1 Ox stock: 1 6*^ -1 O^ IA "c61d"'peptide miriietic siJ^ 
200i000-250j000 cpm of labeled mimetic (Beckman counter);; Place in the 4^C:.mic^firidge; i 
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during screening. 

- Protease inhibitor cocktail (lOOOX): 10 mg Trypsin Inhibitor (BMB # 109894), 10 
mg Aprotinin (BMB # 236624), 25 mg Benzamidine (Sigma # B-6506), 25 mg Leupeptin 
(BMB # 1017128), 10 mg APMSF (BMB # 917575), and 2mM NaVOj (Sigma #S-6508) in 
10 ml of PBS. 

-BIR: .10-^ - 10-* M biotinylated BIR domain (supra) in PBS. 

B. Preparation of ass^ plates: 

- Coat with 120 |Jil of stock N-Avidin per well overnight at 4'C. 

- Wash 2 times with 200 \x\ PBS. 

- Block with 150 |il of blocking buffer. 

- Wash 2 tunes with 200 Jil PBS. 

C. Assay: 

- Add 40 ^il assay buffer/well. 

- Add 10 ^il compound or extract 

- Add 10 ^1 ^^P-peptoid (20-25,000 cpm/O.MO pmoles/well ^lO"*- 10"^ M final cone). 

- Shake at 25'C for 15 minutes. 

- Incubate additional 45 minutes at 25*C 

- Add 40 ^M biotinylated BIR (0.1-10 pmoles/40 ul in assay buffer) 
-Incubate 1 hour at room temperature. 

- Stop the reaction by washing 4 tunes with 200 |iM PBS. 

- Add 150 |LiM scintillation cocktail. 

- Coimt in Topcount 

D. Controls for all assays (located on each plate): 

a Non-specific binding 

b. Soluble (non-biotinylated BIR) at 80% inhibition 
AV peptoids and Smac fragments (except 7R) significantly and specifically bind the lAP BIR 

..^donuiin.?. . /^^S.^.;;... ^ • 

^^Bcample 12: Mia ceil radioi^lied pwpocaspase-? actf\^bn:^ ; ' ^ ' ^ / 

20 mg S-100 extracts of HeLa cells were incubated alone (Control), or with AV 
. pe^^ids X50 nM) nM„or with 30- 1000 mM of l^I-terminal Sinac peptides in different lengths, ; 
The reactions were carried out with the addition of 1 mM dATP, 1 ihM additional MgC12, 0.2 
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mg/ml horse heart cytochrome c, and 1 ml of in vitro translated , ^^S-labeled caspase-3 in a 
final volume of 20 ml. The reaction mixtures were incubated at SO^'C for 1 hr followed by 
electrophoresis on a 1 5% PAGE gel. The gel was subsequently transferred onto a 
nitrocellulose filter and exposed to a phosphoimaging cassette. All AV peptoids and Smac 
fragments significantly promoted activation of procaspase-3, whereas negative control Smac- 
7R did not. 

Example 13. Hela cell extracts: spectrofluorometric procaspase-3 activation assay. 

Human Hela S3 cells were cultured m ISO-mm tissue culture dishes in DMEM 
medium (Dulbecco's modified eagle's medium containing 100 U/ml of penicillin and 100 
ug/ml of streptomycin sulfete) supplemented with 10% (v/v) fetal calf serum, and grown in 
monolayer at 37°C in an atmosphere of 5% COj. Cells at 70% confluence were washed once 
with 1 x phosphate-buffered saline (PBS) and harvested by centrifiigation at 800 x g for 5 
min at 4°C. The cell pellets were resuspended in 3 volxraie of Buffer A (20 mM Hepes-KOH, 
pH 7.5, 10 mM KCL, 1.5 mM MgC12, 1 mM sodium EDTA, 1 mM sodium EGTA, 1 mM 
DTT, and 0.1 mM PMSF) and cell extracts were prepared as described m Liu et al.(24). 
Human c-IAP-1 or c- IAP-2, or XIAP either fiill length of truncated proteins that contam the 
first three BIR domain, or flie second, or tiiird BIR domain are added to the HeLa cell 
extracts and the caspase activation reaction is started by adding 1 mM dATP and 300 nM 
cytochrome c. Hie caspase-3 acAvity is measured by spectrofluorometric assay as previously 
described by MacFarlane et al.(1997, J. Cell Biol. 137, 469-479). Aliquots of 8 mg of S-100 
prq)aied as in Liu et al. were assayed in 96-well miorotiter format in a 150 ml of reaction 
containing 0.1 mM Hepes, PH 7.4, 2 mM DTT, 0.1% (w/v) Ch^s, and 1% (w/v) Sucrose. 
The reactions were started by adding caspase specific fluorogenic substrate 
ben2yloxycarbonyl-Asp-Glu-Val-Asp-7-amino-4-trifluorome%lcoumarin^ FC 
(commercially available firom Enzyme Systems) to the final concentration of 20 mM and 
V: continued at 37X for 30 min: Liberation of AFC fix>m the s^ ' ^ --r v ; • ^ ^ 

icoiltiimously usingexc^ of ^PO/SOSnnL AA^ peptoids -fiujd^ ^^^n rm't^^ ff^ 

Sihac firagments (except 'HI) sigiificandy promoted activatira 7? • ^ fi ; :}-/^-'';', -i; ' ' * ; 

v .EMmple 14/ Reconstituted recomW ' - . v . _ :> V - . " - ^. - 

AV peptoids and N-terminal Smac peptides (30-3000 mM) were incubated with , _ . 
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recombinant human Apaf-1 (40 nM), recombinant human procaspase-9 (2 nM), purified 
horse heart cytochrome c (nM) and mouse XIAP (70 nM) in tfie presence of 1 mM dATP, 1 
mM MgCK and 1 ml of in vitro translated, ^'S-labeled caspase-3 in a final volume of 20 ml. 
The reaction mixtures were incubated at 30X for 1 hr followed by electrophoresis on a 1 5% 
PAGE gel. The gel was transfen^d onto a nitrocellulose Gltet and exposed to a 
phosphoimaging cassette. Active Smac protein (50 nM) and an mactive peptide Smac-7R 
(3000 niM) are also included as controls. All AV peptoids and Smac fragments (except 7R) 
significantly promoted activation of pn>caspas&-3. 

Example 15. Reconstituted recombinant spectrofluorometric procaspase-3 activation assay. 

A reconstituted recombinant procaspase-3 activation system is constmcted as 
described above except the human caspase-3 is produced from bacterial expression as 
described m Liu et al., 1997 (supra) and is not labeled. The caspase-3 activity is measured by 
spectrofluorometric assay as previously described by MacFarlane et al. (1997, J. Cell Biol. 
137, 469-479). Aliquots of 8 mg of S-100 prepared as above were assayed in 96-well 
microtiter format in a 150 ml of reaction contaming 0.1 mM Hepes, PH 7.4, 2 mM DTT, 
0-1% (w/v) Ch^s, and 1% (wAr) Sucrose. The reactions wctb started by adding caspase 
specific fluorogenic substrate ben2ylo}^carbonyl-Asfp-Glu-Val-Aq)-7-amino-4- 
trifluoromethylcoumarin-Z-DEVD-A FC (commercially available from En:^e Systems) to 
the final concentration of 20 mM and continued at 37**C for 30 min. Liberation of AFC from 
the substrates was monitored continuously using excitation/emission wavelenlfa paires of 
400/505nm. AV peptoids and Smac fragments (except 7R) significantly promoted activation 
of procaspase-3. 

Example 16, Cell-based assay: Smac peptides potentiate apoptosis induced by UV or 
Etoposide in cultured HeLa cells 
j : ^^ cells/well wiere plated in 48-weU tissue -cgult^ 

f^inciibated \\ath 1 mM inactive Smac peptide (Smac-TK, Nm-KQAJWAT!^^^ K r 

^"^i^MN^eiTrf^^^ 

peptoids comprising peptide mimetics, or with vehicle only (Control) for 12 hr. The cells 
^i^^i^ then treated with either 320,000 ^icrcyoides of IJV^^^ 
with 100 mM chemotherapeutic Etoposide. Cells were then stamed with 1 mg/ml Hoechst 
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33342 dye at different time points and ^optotic cells were counted as those with condensed 
nuclear chromatin under a fluorescent microscopy. AV peptoids, including Smac peptides, 
showed significant increases in apoptotic induction at 2, 4 and 6 hrs (for UV insult) and at 10 
and 20 hr (for etoposide); see, e.g. Table 6, below. 



Table 6. AV Peptoids and AV peptoid Antagonists (Example 10) Shown to Enhance 
Apoptosis. 



AV Pq)toid 


Apoptosis 


Antagonists 


Apoptosis 


XWBC2411 


+++ 


N67218, N63439, S25539, S57739, S43643 


+++ 


XWBC0093 


+++ 


N32665, N19093, N37883, S38674, S03480 


+++ 


CDWB4558 


+++ 


C32829, C10438, C85376, C26347, C46792 


-H-+ 


WYRMST726 


+++ 


N47639, N27374, S29387, S68093, C62039 


+++ 


WYRMS1592 


+++ 


S89374, S26293, S10328, S72934, C39384 


+++ 


WYRMS9311 


+++ 


N28474, S26743, C29287, C27478, C32937 


+++ 


TOKA0283 


4++ 


S29374, S07984, S28340, S14242, C86908 


+++ 


TOKA6305 


+++ 


N16261, S21652, S15533, S46658, S93399 


+++ 


TOKA3375 


+++ 


S37355, S79685, S76246, S97421, S14243 


++4- 


BAKHC7539 


+4-1- 


S32532, C09485, C36389, C54200, C15437 


4-H- 


BAKHC2294 


+++ 


N36536, N94777, S32520, S36378, C21233 


+++ 


BAKHC5275 


+++ 


S59273, S32688, S29875, S78993. C20357 


+++ 



Example 17. In Vivo Metastasis Assay 

Immunosiippressed mice (atfaymic nude/nude SCID females fiom Harlan Sprague 
Dawley) are housed in autoclaved cages with microisolator tops, and all manipulations of the 
. . animals are done in a laminar flow hood after wiping down both the hood, gloves and cages. . 




Z;^^^]^^:':. (Poper& Sons Cat #9921; 20gxl.5")^ seven days a we^ 
%6 < • " conipounds and control (sterile water ip^ 



,„ 80°C. wrapped in aluminum foil to prevent any light induced changes, and each day's supply, 
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is thawed just prior to use. 

Compounds are tested for their effects on the metastatic potential of C8161 cells 
injected intravenously via the tail vein: at 40 and 100 mg/kg, compared to the control. The 
concentration of Ac compounds in the vials used to give the 100 mg/kg doses are 2.5 times 
that in the 40 mg/kg dose so that approximately the same volume is used in both cases, 
approximately 0.5 mL/animal. The experiments start with nine animals per group at day -4, 
On day zero, 2x10^ C8161 cells m cold Hank's Balanced Salt Solution (HBSS) are injected 
mtravenously via tail vein inoculation. The protocol is continued for an additional 24 days, at 
which time the animals are sacrificed and their lungs removed and fixed in a solution of 
Bouins/formaldehyde (5 parts: 1 part). Tumors are quantified on the entire surfece of the 
lungs by rotating the limgs and coimting the tumors on each lobe using a 6X ntiagnifying 
glass. Statistical analysis is performed using the statistical package of Microsoft's Excel 
spreadsheet software. 

The effects of test AV peptoid, at two different concentrations, on the metastatic 
potential of C8161 cells in SCID mice are evaluated: oral gavagin^ of the animals with tested 
AV.peptoids significantly reduces the number of lung metastases in the SCID mouse 
population. 

Example 18. In Vivo Combination Therapy: B.LD. & QXD. 

The effect of in vivo combination therai^ of AV peptoids (20 or 80 mpk/dosing p.o. 
or i.p.) with chemotiierapies paclitaxel (5 or 20 mpk), 5-Fu (50 mpk), vmcristine (1 mpk) or 
Cytoxan (1 00 mpk, BID, ip) on HTB 177 xenografts (NCI-H460, a human lung large cell 
carcinoma) using two and four times a day dosing is demonstrated in athymic mi/nu female 
mice, 5-6 weeks old. On Day 0, HTB 177 cells, 3X1 0^ are injected s.c. into tiie flank of 220 
mice and the mice divided into treatment and control groins: 

Peptoid was dissolved in 20% hydroxyl-propyl-betacyclodexatrin (Vehicle I); 0 
MtiMM:^ ; of peptoid solution wa^ the dosing vdlunMti PacUta^ dissolved;in>a dihrted, ^\ by§r^ . !^-ifik'y^-^^:i 

nS^;? T^/^ ethahoI^^emophb^^ solution (Vehicl^ dosing volumeiiOTTpaelit^ i^jo^ ^ip ; 

M V ini; Cytoxan, 5-TU, and Vmcnstme were dissolved m stenle water. The SO.mpkdosmg - r :r2x;^:v--v. r, v^t^^ 

peptoid solution is made by adding 17 ml of 20% HPBCD to a 50 ml tube containing 136 mg ^ , . 
^ of peptoid to chs^ye..Tliem^^ 

20 mpk dosing solution is made by placing 2 ml of the 80 mpk solution into a 15 ml tube, , . 
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adding 6 ml of 20% HPBCD, and vortexing the solution to mix it 

Tumor cells are inoculated into mice in the morning of Day 0, and the mice weighed, 
randomized, and ear-marked afterwards. Drug treatment beguis at 7:30 am on Day 4. The 
animals are dosed witfi peptoid or vehicle I solution, at 7:30 am, and 7:30 pm, 7 days a week. 
Tumor growth is quantitated by measuring tumor volume on Day 7 and Day 14. Both 
peptoid and chemotherapies demonstrate inhibition; combination therapies provide enhanced 
inhibition over either therapy alone. 

Example 19. In Vivo Therapy in the WAP-RAS Transgenic Model 

Peptoid and Paclitaxel combination efi5cacy is also evaluated in the Wap-ras 

transgenic model. This model is used in a therapeutic mode in which treatments are initiated 

after mice had well developed tumors. 

Peptoid (20 mpk/dosing po) was dissolved in 20% hydroxyl-propyl-betacyclodexalrin 

(Vehicle I). 0.2 ml of peptoid solution is the oral dosing volume. Paclitaxel (5 mpk/dosing ip) 

was dissolved in a diluted eAanol/cremophor EL solution (vehicle II) and the i.p. dosing 

volume for paclitaxel was 0.1 ml. 

The mice are weighed, randomized, and ear-marked on Day 0. Peptoid treatment and 

Vehicle I treatment began on Day 1 arid continued every 12 hours until Day 21 . Paclitaxel 

and Vehicle n treatments are started on Day 4 and continued daily on Day S, 6, and 7. Wap- 

ras tumors do not respond to treatment with Paclitaxel but do respond to peptoid treatment at 

20 mpk alone and combined tfaer^y enhanced efficacy. 
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WHAT IS CLAIMED IS: 

1. A method of enhancing apoptosis of pathogenic ceils comprising the step of: 

contacting the cells with an effective amount of an AV peptoid, herein the AV 
peptoid is a peptide comprising AX„ wheiein X, is V, I or L, or a peptide mimetic thereof, 
vMch mteracts with an Inhibitor of Apoptosis protein (lAP) as measured by lAP binding, 
procaspase-3 activation or promotion of apoptosis, 

whmin apoptosis of the pathogenic ceils is enhanced 

2. The method according to claim 1. wherein the cells are in situ in an individual and the 
contacting step is effected by administering to the individual a pharmaceutical composition 
comprising a therapeuticaUy effective amount of the AV peptoid. 

3. The method of claim 2 wherein the individual is subject to concurrent or antecedent 
radiation or chCTiotherapy for treatment of a neoproliferative pathology. 

4. The mediod of claim 1, wherein &e pathograic cells are of a tumor selected &om the 
group consisting of breast cancer, prostate cancer, lung canc^, pancreatic cancer, gastric 
cancer, colon cancer, ovarian cancer, renal cancer, hepatoma, melanoma, lymphoma, and 
sarcoma. 

5. The mefliod of claim 1, whrarein the AV peptoid is a peptide comprising AX1X2, wherein 
X, isV,IorLandX2isPor A. 

6. The method of claim I, wfaerem the AV peptoid is a peptide comprising AK^X^ wherein 
XjisVandXoisP. 

7. A phannaGeutical composition comprising a therapeuticaUy efFectiye^^a^ of an AV^': 
peptoid in dc^age form and a pharmaceutically acceptable carrier,; wherein the AV peptoid^is 
a peptide comprising AX„ wherein X, is V, l or L, or a peptide mimetic thereof, wmch v u r 
inhibits the activity of an Inhibitor of Apoptosis protein (LAP) as measured by lAP bmding, 

. prb<iaspas^a^^ " - 'j'^^^^:^/^^^-^:^: ; .% - # 

i.: - • V,... ,• ...... 
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8. The pharmaceutical composition of claim 7, further comprising an anti-neoproliferative 
chanotherapeutic agent ofher than the AV peptoid. 



9. The phannaceutical composition of claim 7, v^erein the AV peptoid is a peptide 
comprising AXiXi, wherein is V, I or L and is P or A. 

1 0. The pharmaceutical composition of claim 7, wherem the AV peptoid is a peptide 
comprismg AXiXj, wherein X, is V and Xj is P. 

1 1 . A method of screening for an agent which modulates the interaction of an AV peptoid 
with an lAP, said method comprising die steps of: 

incubating a mixture comprising: 

an AV peptoid, wherein the AV peptoid is a peptide comprising AX„ wherein 
X, is V, I or L, or a peptide mimetic thereof, which interacts witii an Inhibitor of Apoptosis 
protein (lAP) as measured by lAP binding, procaspase-3 activation or promotion of 
apoptosis, 

a second baculovkal lAP repeat domain (BIR2) of XIAP, 
a candidate ^ent; 

under conditions vdiereby, but for the presence of said agent, die peptoid spedfically 
interacts witii the BIR2 at a reference afSnity; 

detecting a specific interaction of fhe peptoid witii the BIR2 to determine an agent- 
biased affinity, 

wherein a difference between die agent-biased affinity and the referrace afBnity 
indicates that the agent modulates the interaction of die peptoid to the BIR2 of the XIAP. 

12. The method of claim 1 1, wherem the detecting step comprises measurii^ in vitro binding 

of the peptqid^p-the BIR2 by pidWovteassay; fluorescent p^^ ; i ^ 

binding^^ass^i^#^- • 4 > > ' ' ' • ' 

13. The method of claim 11, wherein the mixture further comprises procaspase-3 and a i. > 
cag)a5b-3^|^^^ 

by detectirig#i^^ction product of the caspa^^ . v*'f^--^'> • * . . ' 
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activation of ttie procaspase-B. 

14. The method of claim 1 1 , wherein the incubating step comprises incubating a cell 
comprising the miscture and the detecting step comprises measuring the interaction 
inferentially by detecting apoptosis of the cell. 

15. The method of claim 14, wherein the cell is m situ in an animal host 

16. An AV peptoid antagonist produced by a method of screening for an agent which 
modulates the interaction of an AV peptoid with an lAP, said method comprising the steps 
of: 

incubating a mixture comprising: 

an AV peptoid, wherein the AV peptoid is a peptide comprising AX„ wherein 
X, is V, I or L, or a peptide mimetic thereof, which interacts with an Inhibitor of Apoptosis 
protein (lAP) as measured by TAP bmdmg, procaspase-3 activation or promotion of 
apoptosis, 

a second baculoviral lAP repeat domam (BIR2) of XIAP, 
a candidate agoit; 

under conditions vdimby , but for tiie presence of said agent, the peptoid specifically 
interacts with tiie BIR2 at a reference afi5nity; 

detecting a specific interaction of the peptoid with the BIR2 to determme an agent- 
biased afSnity, 

wherein a difference between the agrat-biased afGnity and tiie reference afiOnity 
indicates that the agent modulates the interaction of the peptoid to the BIR2 of the XIAP. 

17. An AV peptoid antagonist according to claim 16, wherein the method, the detecting step 
Mimp^ in vitro binding oif^tKe peptbid to tte i - ' ? v 
fluorescent^ ppl^jrizatiori^ binding assay aSid the:aiitagbhist idaxionstraties at^I; 
least 10%of eqmmoiafdisprM ^ ' 
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